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EFFECTS OF REPRODUCIBLE MAGNETIC FIELDS 
ON THE GROWTH OF CELLS I N  CULTURE 
This  r e p o r t  p re sen t s  the f i n a l  results of s t u d i e s  performed i n  bo th  
high and very low magnetic f i e l d s .  A d e s c r i p t i o n  of  t h e  f i e l d s  used was 
presented  i n  a previous r epor t  (Q-B2375-3). 
The da ta  r ep resen t  t h e  combined results of a l l  experiments per- 
formed during t h e  course of t h i s  study. Some o f  t h e s e  da ta  had been presented  
i n  pre l iminary  form i n  previous r epor t s .  The experiments conducted during 
t h i s  s tudy  a r e  summarized a s  follows: 
Very low magnetic f i e l d s  
Euglena g r a c i l i s  
C olpidium 
P. caudatum 
P. multimicronucleatum 
Chlore l la  pyrenoidosa 
Clover seeds 
Wheat seeds and seedl ings  
High magnetic f i e l d s  
Euplena 
P. multimicronuclea t u m  
During t h e  e n t i r e  course o f  t h i s  s tudy,  a s  many of t h e  environmental  
parameters  as f e a s i b l e  were maintained cons tan t .  
by us ing  a bank of  3 2  f l u o r e s c e n t  lamps c o n s i s t i n g  of  16 40 watt c o o l  white  
( F 4 0 - M )  and 16 40 wat t  Gro-Lux (FhO-GRO) lamps. 
Light ing  was maintained uniform 
The l i g h t i n g  was cycled 14 
, 
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hours on and 1 0  hours o f f .  Temperature was remarkably cons tan t .  The a i r  
temperature  was recorded a t  2l0C on a Honeywell 7-day r eco rde r .  
was observed. 
w i t h  n o  d a i l y  f l u c t u a t i o n ,  b u t  t h e  range w i t h i n  t h e  d i f f e r e n t  c u l t u r e  jars 
was from 23.4' - 23.8OC. 
c u l t u r e s  were used; neve r the l e s s  the re la t ive  humidity of t h e  chamber was held 
between 48 - 52% R.H. 
No v a r i a t i o n  
The temperature  of  the  c u l t u r e  medium, however, was noted d a i l y  
Relative humidity was n o t  s i g n i f i c a n t  s i n c e  l i q u i d  
With t h e  except ion of  Euglena and Ch lo re l l a  which were grown i n  Knop's 
so lu t ion ,  t h e  o t h e r  protozoa were cu l tu red  in a r ice-mi lk  medium (0.3 g powdered 
skim milk, 1 l i t e r  Aq. d i s t . ,  5 g ra ins  of b o i l e d  white  r i c e ) .  
A l l  c e l l  counts were made wi th  a Model B Coul te r  Counter. These counts  
were v e r i f i e d  by v i s u a l  means us ing  t h e  Sedgwick-Rafter method wi th  a Dunn 
count ing chamber. 
methods used a r e  g iven  i n  a previous r e p o r t  (Q-B2375-3). 
For t h e  h igh  magnetic f i e l d  s t u d i e s ,  c o n t r o l  c u l t u r e s  were p laced  i n  
A d e t a i l e d  desc r ip t ion  of t h e  phys ica l  environment and 
r e l a t i o n  t o  wooden blocks of t he  same s i z e ,  co lo r  and conf igura t ion  a s  t h e  
magnets. 
c y l i n d e r s  of t h e  same dimensions a s  t h e  high permeabi l i ty  metal s h i e l d s .  
cy l inde r s ,  experimental  and cont ro l ,  e i t h e r  were pa in ted  on t h e i r  i n t e r n a l  
surface w i t h  f l a t  wh i t e  p a i n t  ( 3  M Velvet Coating, 101-Al0 white)  o r  were l i n e d  
w i t h  whi te  paper toweling. 
p a i r s  and were run simultaneously.  
environment t h a t  might occur due t o  f a c t o r s  or events  beyond t h e  i n v e s t i g a t o r ' s  
c o n t r o l  would apply  e q u a l l y  t o  both  experimental  and c o n t r o l  cu l tu re s .  
I n  t h e  low f i e l d  s tud ie s ,  c o n t r o l  c u l t u r e s  were maintained i n  aluminum 
Both 
Experimental and c o n t r o l  c u l t u r e s  were se t  up i n  
Any change o r  modi f ica t ion  of t h e  
I n  
- 2 -  
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extreme cases ,  experiments were discont inued and s t a r t e d  over aga in .  (This 
occurred i n  two ins t ances  when the re  was a power f a i l u r e  over t h e  week end . )  
EXPERDENTAL RESULTS 
Very Low Magnetic F i e l d s  ( less than one mi l l i gauss )  
F i f t y  sepa ra t e  c u l t u r e s  o f  Euglena g r a c i l i s  were grown f o r  per iods  
up t o  2 1  days, with samples taken every seven days. Each sample cons i s t ed  of  
f i v e  a l i q u o t s  which were counted in t h e  Coul te r  Counter and averaged. The da ta  
are shown i n  Table I. 
Twenty-four c u l t u r e s  of  Ch lo re l l a  pyrenoidosa (71105) were grown 
f o r  e i g h t  days i n  Knop's so lu t ion ,  w i th  1% C O  
s o l u t i o n  cont inuously a t  t he  r a t e  o f  5'00 m l / m i n .  
i n  a i r  bubbled through the  2 
Samples were taken  a t  t h e  
end of t h r e e ,  f ive  and e i g h t  days, each sample cons i s t ing  of f i v e  a l i q u o t s .  
Cells were counted e l e c t r o n i c a l l y  i n  t h e  ModelB Coui te r  Counter and 
averaged. The da ta  a r e  summarized i n  Table 11. 
F i f t e e n  c u l t u r e s  of  Colpidium were grown i n  a milk-r ice  medium f o r  
2 1  days w i t h  samples taken  a t  t h e  end of seven and f o u r t e e n  days. Each sample 
cons i s t ed  o f  f ive  a l i q u o t s  which were counted i n  t h e  Coul te r  Counter. Since 
a n  e l e c t r o l y t i c  medium i s  requi red  i n  making e l e c t r o n i c  c e l l  counts,  t h e  Coul te r  
Counter was s e t  and c a l i b r a t e d  f o r  Knop's s o l u t i o n  as t h e  e l e c t r o l y t e .  I n  
prepar ing  t h e  Colpidium samples f o r  counting, a ten- fo ld  concent ra t ion  of one 
p a r t  of Knop's s o l u t i o n  was d i l u t e d  w i t h  n ine  p a r t s  of t he  Colpidium c u l t u r e .  
The da ta  obtained a r e  presented i n  Table 111. 
c 
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Twenty-four c u l t u r e s  o f  Paramecium were grown on t h e  mi lk- r ice  
medium f o r  2 1  days i n  t h e  very  low magnetic f i e l d .  
between Paramecium caudatum and Paramecium multimicronucleatum as fo l lows  : 
- P. caudatum - 1 2  c u l t u r e s ,  - P. multimicronucleatum - 1 2  c u l t u r e s .  
These c u l t u r e s  were d iv ided  
The same procedure w a s  followed as t h a t  used wi th  Colpidium (see 
above). The experimental  r e s u l t s  a r e  summarized i n  Table I V .  
A t o t a l  o f  3.5'00 white  c lover  seeds were used i n  experiments t o  
determine t h e  e f f e c t  of a magnet ical ly  f i e l d - f r e e  environment on seed germination. 
The seeds were germinated on a weighed q u a n t i t y  o f  white ,  a s h l e s s  f i l t e r  paper  
pulp  t o  which was added a measured volume o f  water.  
conducted: (1) germination o f  seeds i n  t h e  experimental  environment, ( 2 )  
germination of seeds i n  experimental  and con t ro l  environment a f t e r  one month 
pre-s torage  under experimental  condi t ions ,  (3) same as ( 2 )  above b u t  a f t e r  t h r e e  
months pre-s torage under t h e  experimental  condi t ions .  
Three experiments were 
- 
'lhe germination percentage for inis bdtcii UT c i u v e r  seedis, db bLdLed Ly 
t h e  seed packer,  as o f  J u l y  196k was 70% wi th  an a n a l y s i s  o f  98% pure white  
c l o v e r  conta in ing  20% hard seeds. 
The experimental  r e s u l t s  a r e  presented  i n  Tables V ,  V I  and VII. 
A s  an ex tens ion  o f  t h e  clover  seed study, 7.5'0 wheat seeds  were allowed 
t o  germinate and develop to t h e  seedl ing  s t a g e  i n  t h e  low magnetic environment. 
The wheat seeds were germinated and grown on a mixture o f  equal  p a r t s  by volume 
o f  p e r l i t e ,  s i l i c a ,  and white  a sh le s s  f i l t e r  paper pulp.  
o f  t h i s  mixture were moistened with measured amounts o f  t a p  water .  
days,  t h e  growing shoots  and roo t s  were measured and compared wi th  t h e  c o n t r o l s .  
The r e s u l t s  are summarized i n  Table VIII. 
Weighed q u a n t i t i e s  
After seven 
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TABLE V 
Percent  Seed Germination i n  a !lZero'l Magnetic f i e l d  (1750 seeds)  
Ho u r  s 
24 
31 
48 
Experimental 
32% 
52% 
84% 
Control  
33% 
50% 
69% 
TABLE VI 
Percent  Seed Germination a f t e r  1 Month P r e S t o r a g e  i n  a !lZero!l 
Magnetic F ie ld  (1500 seeds)  
Experimental Control  
T i m e  i n  Hours A1 E2 A1 E2 
24 35% 17% 32% 19% 
31 53% 32% 51% 30% 
09% 74% 69% 67% 48 
1. A - seeds s t o r e d  under ambient condi t ions  
2. E - seeds s t o r e d  under experimental  condi t ions  
TABLE VI1 
Percent  Seed Germination a f t e r  3 Months Pre-Storage i n  a "Zero" 
Magnetic F ie ld  (1250 seeds)  
Experiment a1 Co n t r o  1 
T i m e  i n  Hours A1 E2 A1 E2 
24 2 9% 2 7% 35% 34% 
31 51% 41% b9k 5% 
4s 7 9% 62% 69% 69% 
1. A - seeds s t o r e d  under ambient condi t ions  
2.  E - seeds s t o r e d  under experimental  condi t ions  
- 9 -  , 
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TABLE VI11 
Growth o f  Wheat Seeds (750 seeds)  a f t e r  One Week Exposure t o  a 
ljZeroll Magnetic F i e l d  
Percentage Growth Growth 
Germination’ Root Length2 Dif fe rence2  Shoot Length2 Dif fe rence  2 
Experimental  78% 42 2 12 mm 73 ? 31 mm 
5 * 3 m  8 i 5 m m  
Control  79% 37 2 11 mm 65 _+ 30 mm 
1. 
2. 
Based on 750 experimental  and 750 c o n t r o l  seeds 
These values  represent  t h e  mean o f  t h e  parameter under mns ide ra t ion  
wi th  t h e  v a r i a t i o n  r ep resen t ing  t h e  average d i f f e r e n c e  from t he  mean. 
High Magnetic F i e l d s  
The f i e l d s  used i n  t h i s  po r t ion  of t h e  s tudy  were generated by l a r g e  
permanent magnets ( su rp lus  magnetron magnets). Various gap d i s t ances  were used 
i n  t h e  s e v e r a l  magnets t o  g ive  the  & s i r e d  f i e l d  s t r e n g t h s .  These may be l i s t e d  
Magnet 
1 
IA 
2 
2 A  
3 
3A 
4 
La 
5 
SA 
6 
6A 
F i e l d  S t r e n g t h  
400 - 800 oe r s t eds  
403 - 803 1 1  
550 -1100 
250 - 375 
550 -1100 I t  
100 - 125 ’ I  
80 - 100 11 
90 - 120 11 
90 - 120 1’ 
250 - LOO I t  
80 - 90 
400 - 800 I t  
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I n  t h e  magnetic f i e l d  s tud ie s ,  each  experimental  conf igu ra t ion  con- 
s i s t e d  of a magnet and i t s  con t ro l .  I n  each case t h e  c o n t r o l  was a wooden 
dummy of t h e  magnet, same s i z e ,  shape, gap, co lor ,  e t c .  The magnet and i t s  
c o n t r o l  were placed under t h e  same bank of  l i g h t s  and each  exper imenta l -cont ro l  
p a i r  was t r e a t e d  as a unit. 
Euglena g r a c i l i s  c u l t u r e s  were exposed t o  s ix  d i f f e r e n t  magnetic 
f i e l d s  cont inuously f o r  28 days, samples were t aken  every  seven days and counted 
on t h e  Coul te r  counter.  
per iod.  The r e s u l t a n t  da t a  a re  summarized i n  Table I X .  
Four such r e p l i c a t e s  were made over a 4-month 
The e f f e c t  of exposure t o  magnetic f i e l d s  g r e a t e r  t han  ambient a s  
C m p r e c !  t Q  CQntrQls  is sE?-v=lrized iI Table x: These data represent the t c t a l  
average of a l l  experiments i n  a l l  magnetic f i e l d s  (combined). 
A similar series of  experiments was performed over  a 2 1  day per iod  
us ing  Paramecium multimicronucleatum. S i x  a d d i t i o n a l  magnets were used, bu t  
each  was of t h e  same f i e l d  i n t e n s i t y ,  gap dimensions, and conf igura t ion  as 
t h o s e  used i n  t h e  Euglena experiments. This series was repea ted  twice over a 
2-month per iod.  The r e s u l t i n g  data  are summarized i n  Table X I .  
DISCUSS I O N  
I n  examining t h e  data ,  it may be noted t h a t  f o u r  cel l -systems were 
used i n  t h e  low f i e l d  s t u d i e s .  These included Euglena, Colpidium, Paramecium, 
and Ch lo re l l a .  
o f  d i f f e r e n t  c e l l  s i z e  ranges.  
This choice r ep resen t s  two simple animals  and two simple p l a n t s  
This  c e l l  s i z e  range i s  represented  a s  fol lows:  
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Euglena - 50 - 100 microns 
Ch lo re l l a  - 20 - 30 microns 
Colpidium - 50 - 100 microns 
Paramecium 500 - 1000 microns 
The o r i g i n a l  in ten t  was t o  determine whether c e l l  s i ze  has any 
r e l a t i o n s h i p  t o  t h e  b i o l o g i c a l  e f f e c t  induced by t h e  v e r y  low magnetic 
f i e l d  and whether any c e l l - s i z e  d i f f e rences  could be observed between experimental  
and c o n t r o l  c u l t u r e s  a f t e r  exposure t o  t h e  low f i e l d .  
B i o l o g i c a l  e f f e c t s  t h a t  a r e  represented  by t h e  reduced da ta  presented  
i n  t h e  previous s e c t i o n  w i l l  be  discussed below. 
d i f f e rences  i n  c e l l  s i z e  between con t ro l  and experimental  c u l t u r e s  may be 
dispensed wi th  by no t ing  t h a t  none were observed. 
were made, c e l l  s i z e  d i s t r i b u t i o n  was au tomat i ca l ly  p l o t t e d  (using t h e  Model B 
Coul te r  Counter and Automatic S ize  D i s t r i b u t i o n  P l o t t e r j .  
d i f f e r e n c e  be de tec t ed  f o r  c e l l  s i z e  and s i z e  d i s t r i b u t i o n  p l o t  between t h e  
exper imenta l  and c o n t r o l  c u l t u r e s .  
However, a t  t h i s  time, any 
A t  t h e  time c e l l  counts 
I n  no case could any 
Examination of t h e  low magnetic f i e l d  da t a  shows a response i n  t h e  same 
d i r e c t i o n  f o r  t h e  va r ious  c e l l  cu l tu re s  used. This  response i s  summarized in 
Table X I I .  
The c u l t u r e s  of Euglena showed a d e f i n i t e  i nc rease  i n  growth r a t e  when 
maintained under cond i t ions  where t h e  magnetic f i e l d  i s  lacking .  This increased  
growth r a t e ,  a s  compared t o  con t ro l  c u l t u r e s ,  continued through 14 days, b u t  t hen  
t h e  growth r a t e  of c o n t r o l s  increased s o  t h a t  by 2 1  days bo th  t h e  experimental  
and con t ro l  groups showed e s s e n t i a l l y  similar growth r a t i o s .  
t o  i n d i c a t e  t h a t  t h e  loga r i thmic  phase of t h e  growth curve is  reached sooner  
This  would seem 
- 1.5 - 
TABLE XI1 
Growth Response of  Organisms t o  a !!Zero" Magnetic F i e l d  
Days 
Organism 
Euglena 
Colpidium 
P. caudatum 
- P. multimicro. 
1 
Cell  
S i z e  in 
K c  r ons 
75 
75 
750 
750 
25  
7 Days 
Growth Rat io  
Exp. Contl. 
5.0 3.0 
1.0 1.5 
0.5 0.5 
0.5 0.5 
3 Days 
2.0 2.5 
14 Days 
Growth Ra t io  
Exp. Contl. 
11.0 8.0 
3.5 2.0 
3.0 3.0 
3.0 3.0 
5' Days 
2.0 2.5 
21 Days 
Growth R a t i o  
Exp. Contl. 
21.5 22.5 
3.5 1.5 
0.5 0.5 
0.5 0.5 
8 Days 
3.0 2.5 
- 16 - 
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in t h e  very low magnetic f i e l d  t h a n  it is  under c o n t r o l  condi t ions .  The 
fo l lowing  graph i n d i c a t e s  a poss ib l e  growth r e a c t i o n  of  ce l l s  in t h e  very 
low f i e l d .  
00- Zero Magnetic F i e l d  
Cont ro l  - 
1 I t 1 
7 14 21 
Days 
A similar p a t t e m o f  e f f e c t  has been observed i n  c u l t u r e s  of 
lpidium. It i s  i n t e r e s t i n g  t o  note ,  however, t ha t  bo th  Euglena and Colpidium c - 
a re  about  t h e  same s i z e  organism. Al so ,  it should be poin ted  out t h a t  t h e  
growth requirements a re  d i f f e r e n t  f o r  t h e s e  two organisms: 
c l a s s i f i e d  as a p l a n t  since it conta ins  ch lorophyl l  and photosynthesizes  whereas 
Euglena may be 
Colpidium i s  an animal de r iv ing  i t s  growth requirements from i t s  n u t r i e n t  medium. 
Both spec ie s  o f  Pa ramec ih  showed t h e  same response.  Populat ion s i z e  
decreased  from t h e  o r i g i n a l  inoculum dur ing  t h e  f i r s t  week. After t h e  c u l t u r e  
became es t ab l i shed ,  growth progressed during t h e  second week, and as t h e  n u t r i e n t s  
in t h e  medium became exhausted and metabol ic  end products  accumulated, growth 
diminished aga in  i n  t h e  t h i r d  week. 
exper imenta l  and c o n t r o l  groups i n d i c a t i n g  t h a t ,  in t h i s  ins tance ,  t h e  environmental  
d i f f e r e n c e s  had no effect. 
The same growth r a t i o s  occurred in 
A similar type of  response was observed i n  t h e  
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algae,  Chlore l la ,  over a per iod  of e ight  days. Dxring t h i s  per iod no growth 
d i f fe rences  were observed. Perhaps, i f  t h e  c u l t u r e s  of Chlore l la  were con- 
t i nued  f o r  2 1  days an  e f f e c t  might have been seen.  
The f a i l u r e  of Paramecium t o  fo l low t h e  p a t t e r n s  e s t a b l i s h e d  by 
Euglena and Colpidium might be due t o  two poss ib l e  f a c t o r s :  
(1) There i s  a c e l l - s i z e  s e n s i t i v i t y  which a f f e c t s  t h e  response 
t o  t h e  magnetic environment. 
( 2 )  Other  f a c t o r s  i n  t h e  environment beyond t h e  range of experimental  
c o n t r o l  . 
Although t h i s  f i r s t  premise looks i n v i t i n g ,  it appears  u n l i k e l y  i n  
l i g h t  of  t h e  r e s u l t s  obtained w i t h  the  c love r  and wheat seeds.  
a h igher  percentage of  c lover  seeds germinated i n  t h e  rlzerorl  magnetic f i e l d  
than  i n  t h e  ambient. Again t h i s  seems t o  i n d i c a t e  t h a t  t h e  developmental process  
i s  a p p a r e n t l y  a c c e l e r a t e d  i n  t h e  absence of a magnetic f i e l d .  
A f t e r  48 hours ,  
Tables V I  and 
VI1 p r e s e n t  da t a  on t h e  e f f e c t  o f  pre-s torage o f  seeds in t h e  very low magnetic 
f i e l d  p r i o r  t o  germinat ion.  Those seeds pre-s tored  i n  t h e  Irzero1l magnetic 
environment f o r  one month and then  subsequent ly  germinated i n  t h e  same 
environment showed a lower percentage germinat ion (74%) than  those seeds - no t  
pre-s tored  (ambient s t o r e d  seeds) ,  then germinated i n  t h e  low magnetic 
environment ( 8 9 % ) .  When germinated under c o n t r o l  condi t ions ,  pre-s torage 
made no d i f f e r e n c e  i n  percent  
S i m i l a r l y  pre-s torage f o r  t h r e e  months made no d i f f e rence  i n  germination i n  t h e  
germination (69% n o t  pre-s tored  vs.  67% pre - s to red ) .  
c o n t r o l  environment (Table  V I I ) .  However, in t h e  low magnetic f i e l d ,  t h e  pre- 
s t o r e d  seeds had a lower percentage germinat ing than  i n  t h e  c o n t r o l  environment, 
and s t i l l  l e s s  t han  t h e  number of ambient s t o r e d  seeds germinating i n  t h e  
magnet ic - f ie ld  f ree  environment (Table V I I ) .  These r e s u l t s  seem t o  i n d i c a t e  t h a t  
- 18 - 
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pre-storage of seeds has l i t t l e  consequence upon subsequent germination. 
This might be expected since a plant seed is i n  a dormant s t a t e  and therefore 
tends t o  react  more slowly,  if a t  a l l ,  t o  its environment. 
humidity and temperature which are important in maintaining seed v i ab i l i t y  during 
storage a re  not being considered since these have been maintained constant.) 
(Conditions of 
Because of the noted differences in numbers of seeds germinating, 
fur ther  studies were in i t i a t ed  t o  determine the low magnetic f i e l d  e f fec ts  
upon t h e  growth of  seedlings. For  t h i s  purpose wheat was used and wheat seeds 
germinated and seedlings maintained f o r  seven days under the conditions of the 
experiment. 
experimental and control batches was observed. 
After seven days, no difference i n  germination percentage between 
A consistent difference was observed i n  the length of  the growing shoots 
and r o o t s  o f  the experimental plants compared t o  controls. 
grown in the low magnetic f i e l d  were larger  and more robust than the controls. 
The differences noted may be graphically demonstrated i n  the following curves 
which represent the s i ze  distribution of  the seedlings. 
The seedlings 
"Zero" Magnetic Field 
Control 
L 
Length i n  Millimeters 
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These curves show a similar displacement toward g r e a t e r  growth i n  
t h e  very low magnetic f i e l d  grown seed l ings  as was seen  i n  t h e  growth curves 
f o r  Euglena. 
From t h e s e  da ta ,  t h e r e  is more t h a n  j u s t  a gene ra l  t r e n d  toward 
growth enhancemnt i n  t h e  very low f i e l d s .  I n  those  cases  where c lose  c o n t r o l  
was exe rc i sed  over t h e  environmental  v a r i a b l e s  (wi th in  limits of f e a s i b i l i t y ) ,  
a reproducib le  p a t t e r n  of increased  growth i n  very low magnetic f i e l d s  ( l e s s  
t h a n  1 mi l l igauss )  was observed. 
a t  t h i s  t i m e  because exposure was of a r e l a t i v e l y  s h o r t  dura t ion .  In none o f  
our  previous s t u d i e s  have w e  ever found a n  e f f e c t  due t o  acu te  exposure. 
l a c k  of e f f e c t  i n  s h o r t  term experiments had been p rev ious ly  repor ted  f o r  t i s s u e  
c u l t u r e  c e l l  lines. I n  order  t o  g e t  t h e  full impact of t h e  low magnetic f i e l d  
e f f e c t ,  p l a n t  s t u d i e s  must be done over a time per iod  long enough t o  a l low t h e  
p l a n t s  t o  mature and develop seeds and then  t h e s e  seeds germinated and grown 
LI t h e  m q T  magnet.Fc f f e l d .  However, it should be pointed out  t h a t  when 
a s i z e  d i s t r i b u t i o n  of t h e  wheat s eed l ings  was made, t h e  r e s u l t a n t  p l o t  was a 
bimodal curve i n d i c a t i n g  t h a t  these  wheat seeds  were not  from a homogeneous 
populat ion.  
t h a t  ob ta ined  from t h e  c lover  seed s tudy.  
However, t h e s e  da t a  are  considered inconclus ive  
This  
This he t e rogene i ty  may e x p l a i n  t h e  f a i l u r e  t o  g e t  similar da ta  t o  
Examination o f  t h e  data  obtained from magnetic f i e l d s  g r e a t e r  t han  
ambient, r e s u l t s  i n  a more complex s i t u a t i o n .  Complicating f a c t o r s  are 
in t roduced  by d i f f e r e n c e s  i n  magnetic f i e l d  s t r e n g t h  and g rad ien t s  w i t h i n  
t h e  f i e l d  ( f i e l d  homogeneity). 
- 20 - 
.. 
3 
k 
a, 
L a  
;d 
a, 
k 
c3 
61 
0 
o o o o m m  
c o m m m m o \  
o o o o m o  
c o c o c o m o o c o  
o o o m o o  
z f m 2 . t u \ u \ m  . .  
m o o o o o  
m c ? ( ? m r ? m  
. .  
0 0 0 0 0 0  
c r \ c r \ ( ? ( ? ( ? c ?  
. .  
o o o m m o  
O C u O ~ c u O  
o o r l d C ? d d  
rl 
1 1 1 1  I I 
- 21 - 
Q-B2375-L 
Referr ing t o  Table X, examination of t h e  growth r a t i o s  i n d i c a t e s  
t h a t  magnetic f i e l d s  g r e a t e r  t han  ambient t end  t o  have a n  i n h i b i t i n g  e f f e c t  
upon t h e  populat ion growth of cu l tu re s  of Euglena over a per iod of 28 days. 
However, examining t h e  da t a  i n  terms of f i e l d  s t r e n g t h  and homogeneity, a 
s i m i l a r  p a t t e r n  of  e f f e c t  s t i l l  emerges b u t  w i t h  some i n t e r e s t i n g  overtones.  
These da t a  a r e  summarized and presented i n  Table XIII. 
P r a c t i c a l l y  no e f f e c t  was observed f o r  magnets 1A and 3 which 
r ep resen t  f i e l d s  of 400 - 800 and of  250 - 375 oe r s t eds  r e spec t ive ly .  The 
g r e a t e s t  effect  was seen f o r  magnets 2 A ,  3A, 4.A, and 5 which r ep resen t  f i e l d s  
of 90 -120, 550 - 1100, 100 - 125, and 80 - 100 oe r s t eds  r e spec t ive ly .  However, 
t h e s e  var ious  f i e l d  i n t e n s i t i e s  represent  a r a t h e r  wide range o f  g rad ien t s .  
Contour p l o t s  of t h e s e  magnetic f i e l d s  were drawn and presented  i n  a previous 
r e p o r t  (Q-B2375-3). For convenience a t  t h i s  t ime, t h e  magnetic f i e l d  
i n t e n s i t i e s  and t h e i r  g rad ien t s  a r e  summarized below: 
Magnet No. 
I 
IA 
2 
2A 
3 
3A 
4 
5 
6 
611 
F i e l d  I n t e n s i t y  
400 - 800 oe r s t eds  
400 - 800 oe r s t eds  
550 - 1130 oe r s t eds  
90 - 120 oe r s t eds  
250 - 375 oe r s t eds  
550 - 1100 oe r s t eds  
250 - 400 oer s t eds  
100 - 125 oe r s t eds  
80 - 100 oe r s t eds  
80 - 90 oer s t eds  
F ie ld  Gradient  
30 - 70 oersteds/cm 
40 - 70 oersteds/cm 
50 - 80 oersteds/cm 
3 - 4 oersteds/cm 
1 0  - 18 oersteds/cm 
50 - 90 oersteds/cm 
1 0  - 25 oersteds/cm 
2 - 6 oersteds/cm 
1 - 2 oersteds/cm 
1 - 2 oersteds/cm 
93 - 120 oe r s t eds  2 - 4 oersteds/cm 
400 - 800 oe r s t eds  25’ - 7 5  oersteds/cm 
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With t h e  except ion of magnet 3A which r e p r e s e n t s  t h e  h ighes t  f i e l d  
i n t e n s i t y  used, t h e  magnetic f i e l d s  t h a t  showed t h e  g r e a t e s t  b i o l o g i c a l  response 
were those  w i t h  t h e  most homogeneity (Magnet 2A,  90 - 1 2 0  oe r s t eds ,  g r a d i e n t  
3 - k oersteds/cm; Magnet hA, 100 - 125 oers teds ,  g r a d i e n t  2 - 6 oersteds/cm; 
Magnet 5, 80 - 100 oers teds ,  g rad ien t  1 - 2 oersteds/cm). 
s h i p  between f i e l d  homogeneity and b i o l o g i c a l  response? 
no d e f i n i t e  conclusions can be drawn. 
of var ious  f i e l d  s t r e n g t h s  and var ious  g rad ien t s  a r e  less c l e a r  c u t  and 
more d i f f i c u l t  t o  exp la in  t h a n  t h e  e f f e c t s  observed in t h e  very low f i e l d s .  
Is t h e r e  a r e l a t i o n -  
Based on t h e s e  da ta ,  
The response t o  t h e  magnetic f i e l d s  
Nevertheless ,  if t h e  combined magnetic f i e l d  data  are used (Table X ) ,  then  
t h e r e  i s  a c l e a r  i n d i c a t i o n  of growth i n h i b i t i o n  i n  higher  t h a n  ambient 
magnetic f i e l d s .  
For purposes o f  discussion,  t h e  growth r a t i o s  f o r  c u l t u r e s  of Euglena 
exposed t o  h igh  and very l o w  magnetic f i e l d s  a r e  compared in Table X I V  (da t a  
Trom Table x arid ~ a L i e  XII). 
These da t a  may be represented  p i c t o r i a l l y  in t h e  fol lowing graph. 
+3 
+2 
+1 
0 
-1 
- 2  
-Low F i e l d  
O--Control  ... High F i e l d  
1 1 1 
7 l-4 21 28 
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This  graph may be i n t e r p r e t e d  by saying t h a t  removal of t h e  normal magnetic 
~ 
f i e l d  results in a sudden inc rease  i n  growth a c t i v i t y  which may be t h e  r e s u l t  
of e i t h e r  t h e  e l imina t ion  of t h e  l a g  phase of a normal growth curve o r  a time 
s h i f t  of t h e  growth curve s o  t h a t  the  loga r i thmic  phase occurs  ear l ie r .  
s t a t i o n a r y  phase may be abbreviated wi th  t h e  dea th  phase occurr ing sooner .  
Thus by 2 1  days, t h e  popula t ion  of Euglena in t h e  very  low magnetic f i e l d  shows 
a lower growth r a t i o  than  t h e  con t ro l s .  
t h a n  ambient magnetic f i e l d ,  t h e  growth curve proceeds a t  a normal rate,  b u t  
s i n c e  t h e r e  i s  a n  i n h i b i t i o n  of growth a f t e r  seven days, it might be conjec tured  
t ha t  t h e  logar i thmic  phase of growth i s  shortened,  t h e  s t a t i o n a r y  phase begins  
e a r l i e r  and i s  abbrevia ted  w i t h  a s lowly  developing dea th  s t a g e  ensuing. This  
e n t i r e  process  may be schemat ica l ly  represented  in t h e  fo l lowing  diagram. 
I 
The 
l 
On t h e  o t h e r  hand, i n  a higher  
I 
I 
I 
I 
P 
Contro l  
*** .- 
H i g h  
Magnetic F i e l d  
I 
-> Time 
A = l a g  phase of  growth 
B = logar i thmic  phase of growth 
C = s t a t i o n a r y  phase 
D = death  phase 
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T h i s  explanat ion o f  t h e  r e s u l t s  r econc i l e s  t h e  d i f f e rences  observed 
between ' 'zero" magnetic f i e l d  and con t ro l  c u l t u r e s  and between h igher  than 
ambient magnetic f i e l d  and c o n t r o l  c u l t u r e s .  Unfortunately,  however, based 
on t h e s e  da ta ,  no mechanis t ic  explanat ion may be of fe red  a t  t h i s  t i m e .  
r e l a t e  t h e s e  results t o  a func t iona l  process  would requi re  another  s e r i e s  o f  
To 
s t u d i e s  probing t h e  biochemical and b iophys ica l  p rope r t i e s  o f  t h e  c e l l s  under 
t h e  experimental  environmental condi t ions.  
SUMMARY 
A s e r i e s  of b i o l o g i c a l  specimens, bo th  p l a n t  and animal, simple and 
complex, have been exposed t o  magnetic f i e l d s  of  varying i n t e n s i t i e s  varying from 
near zero ( l e s s  than one mi l l i gauss )  t o  higher t h a n  ambient (1100 oers teds  
maximum). The genera l  e f f e c t  seems t o  be one o f  growth a c c e l e r a t i o n  in t h e  
ve ry  l o w  f i e l d ;  i n  t h e  higher  than ambient f i e l d s ,  t h e r e  i s  an i n d i c a t i o n  o f  
growth i n h i b i t i o n .  
r e p o r t e d  by  o ther  i nves t iga to r s .  
l lzeroll  f i e l d ,  t h e  results a r e  i n t e r e s t i n g  in t h a t  growth a c c e l e r a t i o n  seems t o  
The high magnetic f i e l d  r e s u l t s  compare f avorab ly  with those  
Since this i s  t n e  fimL ski&- done l z  t h e  ne2r 
be induced a s  a result of r e l a t i v e l y  long-term exposure. A poss ib l e  explanat ion 
f o r  t h e s e  e f f e c t s  is  presented.  
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